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Description

BACKGROUND

[0001] Moving cavity motors or pumps, sometimes known as positive displacement motors or pumps, or progressive
or progressing cavity motors or pumps, work by trapping fluid in cavities. The cavities are formed in spaces between
the rotor and the stator, and the relative rotation between these members is the mechanism which causes the cavities
to progress and travel axially along the length of the device from the input end to the output end. If the rotor is forced to
rotate, fluid is drawn along in the cavities, and the device will be a pump. If the fluid is pumped into the input end cavity
at a higher pressure than that at the outlet end, the forces generated on the rotor cause it to rotate and the device will
be a motor.
[0002] A mud motor may be used as the power section of a downhole assembly to power drilling operations. A mud
motor may be a positive displacement motor. The mud motor may be particularly advantageous in directional drilling.
However, currently used mud motors have shortcomings that can lead to failure of the motor and therefore the downhole
assembly.
[0003] An external member of the mud motor, which may often be a stator, may include an elastomer portion, and the
internal member may often be referred to as a rotor. Most failures of mud motors may be due to failure of the elastomer.
For example, the mud motor may fail by chunking, wherein the elastomer is torn away as a result of fatigue or tensile
fracture. The mud motor may also fail by debonding, wherein the elastomer separates from a metal casing of the external
member. The mud motor may fail due to poor fit between the external member (such as a stator) and an internal member
(such as a rotor), caused by degradation of the elastomer of the external member or the metal of the internal member.
The mud motor may fail due to thermal degradation of the internal member caused by high downhole temperatures.
Particulates in the drilling fluid may contribute to the degradation of the internal and external members.
[0004] US 2007/172371 describes a progressive cavity device including a stator with an inner surface having a number
of lobes and a rotor disposed within the stator and having a different number of lobes. The stator lobes define a major
diameter and a minor diameter, where the major diameter circumscribes the stator lobes and the minor diameter inscribes
the stator lobes. A rotor-stator, defined as the major diameter divided by the minor diameter, is selected from the group
consisting of 1.350 or less for a progressive cavity device with a stator having two lobes, 1.263 or less for three lobes,
1.300 or less for four lobes, 1.250 or less for five lobes, 1.180 or less for six lobes, 1.175 or less for seven lobes, 1.150
or for eight lobes, 1.125 or less for nine lobes, and 1.120 or less for ten lobes. US 4909337 describes a rotor of a screw
hydraulic downhole motor, made as a hollow multiple-start screw featuring a substantially constant wall thickness. The
ratio of the length of the rotor cross-sectional outside contour to the length of the circumscribed circle of the contour is
substantially within 0.9 and 1.05. When making the rotor, a forming element is inserted into a tubular blank, and a fluid
pressure is applied to the outside blank surface. A device for making the rotor comprises a hollow housing accommodating
a forming element installed on centering bushings. The bushings have fitting areas adapted for the ends of the tubular
blank to fit thereon.

SUMMARY OF THE DISCLOSURE

[0005] In one aspect, this disclosure relates to a progressive cavity pump or a positive displacement motor which may
include an external member having three or more lobes and an internal member extending through the external member
and having one less lobe than the external member. One of the internal member and the external member rotates with
respect to the other. The curvature of a profile of each of the internal member and external member is finite at all points.
A ratio of a lobe volume of the external member to a valley volume of the external member enclosed between a minor
external member diameter and a major external member diameter is between 0.9 and 1.2. A lobe height of the external
member is related to a ratio of a minor external member diameter to one less than the number of external member lobes.
[0006] In another aspect, this disclosure relates to a progressive cavity pump or positive displacement motor which
may include an external member and an internal member within the external member. One of the internal member and
the external member rotates with respect to the other. The progressive cavity pump or positive displacement motor has
a two-dimensional contact line that is a projection of a three-dimensional sealing line between the internal member and
the external member, and the two-dimensional contact line is an ellipse, a limaçon, or a closed convex spline.
[0007] Other aspects and advantages will be apparent from the following description and the appended claims.

BRIEF DESCRIPTION OF DRAWINGS

[0008]

FIG. 1 is a downhole assembly in accordance with the present disclosure.
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FIG. 2 is a cross-section view of a positive displacement motor in accordance with the present disclosure.

FIG. 3 is a cross-section view of a positive displacement motor in accordance with the present disclosure.

FIG. 4 is a cross-section view of a positive displacement motor in accordance with the present disclosure.

FIG. 5 is a cross-section view of a positive displacement motor in accordance with the present disclosure.

FIG. 6 is a cross-section view of a positive displacement motor in accordance with the present disclosure.

FIG. 7 is a cross-section view of a positive displacement motor in accordance with the present disclosure.

FIG. 8 shows strain in the rubber lining for various rotor/stator profiles.

FIG. 9 shows motor performance for various rotor/stator profiles.

FIG. 10 shows motor performance for various eccentricities.

DETAILED DESCRIPTION

[0009] Embodiments of the present disclosure will now be described in detail with reference to the accompanying
Figures. Like elements in the various figures may be denoted by like reference numerals for consistency. Further, in the
following detailed description of embodiments of the present disclosure, numerous specific details are set forth in order
to provide a more thorough understanding of the claimed subject matter. However, it will be apparent to one of ordinary
skill in the art that the embodiments disclosed herein may be practiced without these specific details. In other instances,
well-known features have not been described in detail to avoid unnecessarily complicating the description. Additionally,
it will be apparent to one of ordinary skill in the art that the scale of the elements presented in the accompanying Figures
may vary without departing from the scope of the present disclosure.
[0010] In one aspect, the present disclosure relates to a positive displacement motor including a rotor and a stator.
Often, the stator may be the external member in which the internal rotor rotates; however, it is understood that the
reverse is also envisioned for any of the described embodiment, where the external member rotates (as a rotor) around
an internal member (stator), e.g., a static internal member. Thus, any reference to the rotor as the internal member and
the stator as the external member is not limited to such configuration. The positive displacement motor may comprise
the power section of a bottomhole assembly. FIG. 1 shows a bottomhole assembly 102. A proximal end of the bottomhole
assembly 102 may be attached to a drill string 106. The drill string 106 may extend from the surface of a wellbore (not
shown) to the proximal end of the bottomhole assembly 102. During operation of the bottomhole assembly 102, mud
may be pumped through the drill string 106 and into the bottomhole assembly 102. Although embodiments of the
disclosure are described relating to a positive displacement motor, it is understood that, upon reading the disclosure,
one of ordinary skill in the art would appreciate that the embodiments may also apply to a progressive cavity pump in
other applications without going beyond the scope of the disclosure.
[0011] The bottomhole assembly 102 may include a power section 104. The power section 104 may be a part of the
positive displacement motor. The power section 104 may include a rotor 120 and a stator 140. During operation, mud
may flow through the power section 104. The mud may cause the rotor 120 to rotate relative to the stator 140.
[0012] The bottomhole assembly 102 may include a drill bit 108 located at a distal end of the bottomhole assembly
102. The rotation of the rotor 120 may be transferred to the drill bit 108. The rotation of the drill bit 108 may cut or shear
the formation (not shown) surrounding the bottomhole assembly 102, and may thereby deepen the wellbore during
operation.
[0013] The power section 104 may be connected to the drill bit 108 via a bearing assembly 110. The bearing assembly
110 may include radial and thrust bearings and bushings, for example. The bearing assembly 110 may transmit axial
and radial loads from the drill bit 108 to the drill string 106 and may provide a drive line that allows the power section
104 to rotate the drill bit 108. The bearing assembly 110 may or may not be sealed. If the bearing assembly 110 is not
sealed, mud may flow through the bearing section 110. The mud may act to lubricate the bearing assembly 110.
[0014] The bottomhole assembly 102 may include a joint 114 and an adjustable assembly 116. The joint 114 may be
a universal joint. The joint 114 may allow a distal portion of the bottomhole assembly 102 to tilt relative to a proximal
portion of the bottomhole assembly 102 with two or more degrees of freedom. The joint 114 may allow the power section
104 to transmit a rotation, but not a translation, to the drill bit 108. The adjustable assembly 116 may allow an angle of
the bottomhole assembly 102 to be adjusted from the surface. The adjustable assembly 116 may allow the bottomhole
assembly 102 to be used for directional drilling, in which a non-vertical well is drilled.
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[0015] Mud may exit the bottomhole assembly 102 through drill bit 108 and flow back to the surface of a wellbore,
allowing mud to continuously flow through the power section 104 while the bottomhole assembly 102 is in operation.
The rate at which mud flows through the power section 104 may determine the rate at which the rotor 120 rotates and
thereby determine the rate at which the drill bit 108 rotates. Mud which exits the downhole assembly 102 may lubricate
the drill bit 108 before flowing back to the surface of the wellbore.
[0016] FIG. 2 shows a cross-section view of a positive displacement motor 200. As noted above, features described
herein may be applied to a progressive cavity pump without going beyond the scope of the disclosure. As shown, the
positive displacement motor 200 may include an internal rotor 220 and an external stator 240. The rotor 220 may be
disposed within the stator 240. The positive displacement motor 200 may include a casing 218 disposed around the
outside of the stator 240. The rotor 220 may be a solid cylinder or bar with a lobed outer surface. The stator 240 may
be a hollow cylinder or other member with a lobed inner surface.
[0017] The rotor 220 may have any number of lobes 222. In some embodiments, the rotor 220 may have two or more
lobes 222. In some embodiments, the rotor 220 may have three or more lobes 222. For example, in the embodiment
shown in FIG. 2, the rotor 220 may have five lobes 222. The lobes 222 of the rotor 220 may have a spiral configuration
along the length of the rotor 220.
[0018] The stator 240 may have one more lobe 242 than the rotor 220. For example, in the embodiment shown in
FIG. 2, the stator may have six lobes 242. The stator 240 may have any number of lobes 224. The number of lobes 242
which comprise a given stator 240 may be limited only by the number of lobes 222 of the corresponding rotor 220. The
lobes 242 of the stator 240 may have a spiral configuration along the length of the stator 240.
[0019] The rotor 220 and the stator 240 may contact each other. In any two-dimensional cross of the positive displace-
ment motor 200, the contact may occur at contact points. The contact points may form three-dimensional lines of contact
(not shown) along the length of the positive displacement motor 200. Cavities 252 may be formed between the three-
dimensional contact lines. The rotor 220 and the stator 240 may seal against each other along the three-dimensional
contact lines, such that the cavities 252 are not in fluid communication with each other.
[0020] The rotor 220 and the stator 240 may rotate relative to each other. The rotation may be caused by pumping a
fluid through the positive displacement motor 200. The fluid may move substantially linearly (e.g., axially) along the
length of the positive displacement motor 200 and the linear motion (e.g., axial progression) of the fluid may be transformed
into a rotation of rotor 220. The fluid may fill the cavities 252 of the positive displacement motor 200. The three-dimensional
contact lines and the cavities 252 may be dynamic. In other words, as the fluid flows through the positive displacement
motor 200 and rotor 220 rotates, the three-dimensional contact lines and the cavities 252 rotate and translate.
[0021] The rotor 220 and the stator 240 of a positive displacement motor 200 may rotate relative to each other. As
discussed above, in the illustrated embodiment, the internal member is the rotor (and rotates) while the external member
(the stator) is rotationally stationary; however, it is also understood that in some embodiments, the external member
may be the rotor (and rotate) and the internal member may be rotationally stationary. Further, it is also envisioned that
both members may rotate. For example, the central axis of either the internal member or the external member may
circumscribe a circular-like trajectory around the central axis of the other of the internal member or the external member,
and both the internal and external members may rotate, e.g., both members may rotate though they also rotate with
respect to one another. The torque produced by the positive displacement motor 200 may be proportional to the pressure
drop of the fluid flowing through the positive displacement motor 200. In some embodiments, if the rotor 220 and the
stator 240 of a positive displacement motor 200 have more lobes, the operational torque may be higher and the rotational
speed may be lower.
[0022] In some embodiments, as shown in FIG. 1, an internal member 120 of a positive displacement motor may be
a rotor and an external member 140 of a positive displacement motor may be a stator, especially if the positive displace-
ment motor functions as the power section 104 of a downhole assembly 102. In some embodiments, an internal member
220 of a positive displacement motor may act as a stator and an external member 240 of a positive displacement motor
may act as a rotor, especially if the positive displacement motor 200 is used in applications other than a bottomhole
assembly.
[0023] The internal rotor 220 may be made of one or more metals. In some embodiments, the rotor 220 may be made
of steel coated with another metal, such as chromium. The coating metal may form a smooth, hard, wear-resistant
surface on the rotor 220. The stator 240 may be made of steel lined with an elastomer. The casing 218 may be made
of one or more metals, including but not limited to steel.
[0024] In this disclosure, a positive displacement motor has been described as the power section for a bottomhole
assembly. However, the positive displacement motor or progressive cavity pump described herein may be used for other
applications without departing from the scope of the present disclosure.
[0025] Traditionally, positive displacement motors 200 have been developed having rotors 220 and stators 240 de-
scribed by the Moineau mechanism. Rotors 220 and stators 240 developed according to the Moineau mechanism may
have either epi-hypo cycloidal profiles or profiles constructed as splines equidistantly shifted from hypocycloidal curves.
A Moineau mechanism may be constructed with either epicycloidal or hypocycloidal profiles joined with a radial arc.
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Alternatively it can be composed as splines equidistantly shifted from hypocycloidal or epicycloidal curves also joined
with a radial arc. Additionally, Moineau mechanisms may be designed as a combination of both epicycloidal and hypoy-
cloidal splines.
[0026] Although the rotors 220 and stators 240 suggested by the Moineau mechanism are kinematically and mathe-
matically correct, they have some disadvantages for real applications. Members 220, 240 designed according to the
Moineau mechanism necessarily have points of infinite curvature. These points may be referred to as cusps. The cusps
are difficult to manufacture using practical means. Further, the high curvature area surrounding a cusp would produce
stresses in the elastomeric portion of the stator 240, eventually leading to damage to or failure of the material.
[0027] Several modifications for positive displacement motors 200 designed by the Moineau mechanism are known,
but all have shortcomings. In some cases, an artificial smooth fillet may be created around the cusp. The fillet may alter
the interaction between the rotor 220 and the stator 240, leading to a higher leakage between the rotor 220 and the
stator 240, decreasing the efficiency of the positive displacement motor 200. The fit between the rotor 220 and the stator
240 may be artificially increased, but may lead to higher stress in the elastomer of the stator 240 and ultimately to a
shorter life of the positive displacement motor 200.
[0028] In some cases, the Moineau profiles may be substituted with the profiles constructed on alternative curves
such as a combination of two tangentially joined convex and concave circular arcs. This approach may provide rotors
220 and stators 240 with a smooth profile that is easy to manufacture. However, this approach may also lead to higher
stress in the elastomer of the stator 240 and ultimately to a shorter life of the positive displacement motor 200.
[0029] A profile known as an improved Moineau profile, which can be described by the equidistance of shortened
hypo- or epi- cycloidal curves, has been developed which overcomes some of the shortcomings of the earlier attempts
to modify the Moineau profile. However, the improved Moineau profile conventionally could not produce a mechanism
which tolerates both high eccentricity and an adequate shape for a rotor 220 and a stator 240 which can be used as the
power section of a bottomhole assembly. The power section of a bottomhole assembly may be required to work at a
high flow rate and generate a large amount of power. An improved Moineau profile with high eccentricity may necessarily
have a rotor 220 with narrow lobes and a stator 240 with thick lobes. This may cause stress in the elastomer of the stator
240 and may cause self-overheating in the rotor 220 due to a hysteresis effect. These problems may drastically reduce
the lifespan of the positive displacement motor 200.
[0030] The present disclosure relates to a positive displacement motor 300, illustrated in FIG. 3, featuring improved
profiles of the rotor 320 and the stator 340 which may overcome the shortcomings of previously developed positive
displacement motors. Specifically, embodiments of the present disclosure may have substantially similar lobe thickness-
es, high eccentricity, relative smoothness (free of cusps or high curvature).
[0031] The thickness of the lobes 322 of the rotor 320 and the thickness of the lobes 342 of the stator 340 may be
substantially similar. This may provide a more predictable and desirable stress pattern in the elastomer portion of the
stator 340. This may also provide an extended lifespan of the rotor 320.
[0032] The profile of the rotor 320 and the stator 340 may be designed based on a ratio "h" which is the maximum
lobe height, for which kinematically perfect rotor and stator profiles can be created.
[0033] The ratio h may be expressed by the following equation:

where Dmean is the mean diameter of the rotor 320 and Zr is the number of lobes 322 of the rotor 320. The mean diameter
of the rotor 320 may be calculated as the average of a maximum diameter measured at the outermost points of the lobes
322 and a minimum diameter measured at the innermost points of the valleys formed between the lobes 322. (An
exemplary valley is labeled in FIG. 3). The ratio "h" may have dimensions of length. In some embodiments, the lobe
height "H" may be chosen based on the ratio "h."
[0034] The lobe height is related to the eccentricity of the rotor 320 and the stator 340. The lobe height may be about
equal to double the eccentricity (the distance between the rotor centerline and the stator centerline). The positive dis-
placement motor 300 of the present disclosure may have a high eccentricity. A high eccentricity may be an eccentricity
that is relatively higher than eccentricities commonly used in previous positive displacement motors. The eccentricity
may be a measure of how much the center of the rotor 320 is displaced during operation of the positive displacement
motor 300. The eccentricity may be about half of the rotor lobe height. High eccentricity profiles of the rotor 320 and
stator 340 may provide greater power and lower no-load pressure when compared to low eccentricity profiles having
the same profile length and revolution per gallon ratio. This may result in higher efficiency.
[0035] However, an eccentricity that is too high may lead to partially disrupted contact between the rotor 320 and the
stator 340. The disrupted contact may lead to an increased abrasion rate and a reduction of the fatigue life.
[0036] The inventors of the present disclosure have found that a compromise may be reached between performance
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and reliability. Thus, in one or more embodiments of the present disclosure, the positive displacement motor 300 may
have an eccentricity defined by the following equation:

where E is the eccentricity, Dmin is the minor diameter of the stator 340, where the minor diameter is measured at the
lowest points of the valleys of the stator lobes 342, and Zs is the number of lobes 342 of the stator.
[0037] Thus, given the relationship between eccentricity and stator lobe height, the stator 340 of positive displacement
motor 300 may have a stator lobe height Hs defined by the following equation:

[0038] Similarly, the rotor 320 of the positive displacement motor 300 may have a rotor lobe height Hr defined by the
following equation:

where Dmean is the mean rotor diameter and Zr is the number of lobes of the rotor. Thus, the rotor height Hr may also
be expressed as ranging between 0.95h and 1.05h, where h is the ratio defined above.
[0039] The thickness of the lobes 322, 342 of the rotor 320 and the stator 340 may be characterized as a ratio LV
(lobe:valley) between the lobe volume 344 of the stator 340 and the valley volume 324 of the stator 340. The stator
valley volume 324 and stator lobe volume 344 may be defined by the surface of stator 340 and concentric circles that
are formed tangent to the peaks and valleys of the stator lobes 342. A geometric representation of the ratio LV is shown
in FIG. 4, where the stator valley volume 324 is shown in dark gray and the stator lobe volume 344 is shown in light
gray. The stator valley volume 324 (and/or the stator lobe volume 344) may be used to approximate the volume of rotor
lobes, and thus the LV ratio may also be considered to approximate the ratio of the stator lobe volume to the rotor lobe
volume.
[0040] In one or more embodiments, the positive displacement motor 300 of the present disclosure may have an LV
ratio between 0.9 and 1.2. Thus, the rotor lobe thickness and the stator lobe thickness of the positive displacement motor
300 may be substantially similar. The inventors of the present disclosure have found that an LV ratio in this range may
prevent positive displacement motor 300, especially the elastomer portion of the stator 340 from experiencing extra
strain, especially when operated at higher torques. An LV ratio in this range may provide a positive displacement motor
300 with improved performance, in terms of the operating torque and rotational speed relative to the pressure. A positive
displacement motor 300 having an LV ratio in this range may experience lower hysteresis heat build-up, contact pressure,
and abrasion wear than a motor having an LV ratio greater than this range (i.e., have relatively thick stator lobes).
[0041] Finally, as mentioned above, the positive displacement motors 300 of the present disclosure may be relatively
smooth and not have cusps or areas with high curvature. Rotor 320 and stator 340 profiles with high eccentricity and
without cusps may be designed such that the profile convexity grows from the peak tip of a lobe 322, 342 to an inflection
point and the profile concavity grows from the valley tip of a valley to the inflection point. The inflection point may be
approximately halfway between the peak tip and the valley tip. In accordance with embodiments of the present disclosure,
the convexity may have a finite maximum near the inflection point. Further, also in accordance with embodiments of the
present disclosure, the concavity may have a finite maximum near the inflection point. Thus, in one or more embodiments,
the convexity and/or the concavity of the rotor and/or stator may not be infinite at any point of the profile. Avoiding infinite
curvature, either concavity or convexity, may ensure the rotor 320 and the stator 340 can be manufactured precisely
and ensure proper contact between the rotor 320 and stator 340 can be established. In one or more embodiments, the
profile may have a ratio of the curvature at the peak tip to the inflection point that is up to 10. Finite element analysis
(FEA) modeling may show that profiles having cusps or high curvature areas may generate more stress and contact
pressure on rubber as well as manufacturing difficulties than the profiles of the present disclosure.
[0042] Unlike earlier methods, the profiles of the present disclosure may provide the best balance in performance and
reliability for a positive displacement motor used as the power section of a downhole assembly. Specifically, positive
displacement motors designed according to the present disclosure may be able to have a wide range of eccentricity, a
wide range of lobe thickness, and have smooth rotor/stator profiles.
[0043] Further, the above rotor/stator parameters in a positive displacement motor may also demonstrate unique
contact lines therebetween, as shown, for example in the motor 500 of FIG. 5. A contact line 560 may be the two-
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dimensional projection of the three-dimensional sealing line formed by the points 562 at which the rotor 520 contacts
the stator 540 (specifically, when the rotor lobe contacts the stator lobe). In accordance with the present disclosure, the
contact line 560 may be an ellipse (including a circle, i.e., a perfect ellipse, or a super-ellipse), an oval, a limaçon, a
closed egg-shape curve, a closed convex, or a closed convex-concave spline. Conventionally, most positive displacement
motors may have a contact line having an egg-like shape, rather than an ellipse. Thus, the contact line 560 may be
defined by a known equation that can be expressed analytically. For example, referring to FIG. 5, the contact line 560
may substantially fit to an equation (1) representing an elliptical curve in polar coordinates:

where ε is the elliptical contact line eccentricity; c is the ratio of distance between stator center and the ellipse focus to
major semi-axis; and R is the stator minor radius. If the contact line 560 is an ellipse, the center of the stator 520 may
be coincident with a focus of the ellipse.
[0044] For the positive displacement motor 500 shown in FIG. 5, the contact line 560 is elliptical and has an elliptical
contact line eccentricity of 0.07. Further, the rotor/stator also have an LV value of 1.01, and a stator lobe height Hs of
1.05∗(Dmin/(Zs-1)).
[0045] FIG. 6 illustrates another embodiment of the positive displacement motor 600 having an elliptical contact line
660, which also substantially fits to Eq. (1) above. The positive displacement motor 600 may have an LV ratio of 1.1 and
may have a stator lobe height Hs of 0.95∗(Dmin/(Zs-1)).
[0046] The positive displacement motor 600 may have the improved properties described above. The positive dis-
placement motor 600 may have good performance and reliability as a power section of a downhole assembly.
[0047] Referring now to FIG. 7 illustrates another embodiment of the positive displacement motor 700 having an
limaçon contact line 760, which substantially fits to an equation (2) representing a limaçon curve in polar coordinates:

where R is the stator minor radius; ε is the eccentricity of the limaçon contact line. The positive displacement motor 700
may have an LV ratio of 1.092, an a value of 0.065, and may have a stator lobe height Hs of 1.0∗(Dmin/(Zs-1)).
[0048] Equation (2) may be simplified to canonical form:

where, a = R/(1-ε), b= Rε/(1-ε), and ε=0.065.
[0049] The positive displacement motor 700 may have the improved properties described above. The positive dis-
placement motor 700 may have good performance and reliability as a power section of a downhole assembly. The
method disclosed herein may be used to design and produce a positive displacement motor having the properties
described above or to design and produce a positive displacement motor having properties that are different from those
described above. The method disclosed herein may be used to design and produce a positive displacement motor which
is optimized for use as a power section of a downhole assembly. The method disclosed herein may allow a positive
displacement motor to be customized for the needs of specific downhole situations.
[0050] The positive displacement motor described in this disclosure may have advantages over previously developed
positive displacement motors, e.g., for use as a power section in a downhole assembly. In addition to the advantages
which have been described throughout the disclosure, the positive displacement motor described herein may be more
resistant to failure when used in a downhole assembly. For example, the positive displacement motor may be more
resistant to chunking, debonding, thermal fatigue of the stator, degradation of the rotor and the stator, resulting poor fit
between them, and degradation due to particulates. Thus, the positive displacement motor disclosed herein may have
an extended lifespan in a downhole environment and may need fewer repairs. The positive displacement motor may be
less likely to fail, leading to failure at other parts of the wellbore operation.
[0051] The method disclosed herein may have similar advantages for developing a progressive cavity pump for use
downhole, e.g., in a downhole assembly.
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EXAMPLES

Example 1

[0052] Rotor/stator combinations having varying LV ratios (0.75, 1.0, 1.25, and 1.5) were modeled, and the performance
of each were compared. FIG. 8 shows a comparison of the strain in the rubber lining of the stator for a variety of LV
ratios, and FIG. 9 shows motor performance for a variety of LV ratios. Example 2
[0053] Motors having a variety of eccentricities (6.0, 6.502, and 7.0 mm) were modeled and the performance of each
were compared. FIG. 10 shows a comparison of the motor performance for the variety of eccentricities. While the
disclosure includes a limited number of embodiments, those skilled in the art, having benefit of this disclosure, will
appreciate that other embodiments may be devised which do not depart from the scope of the attached claims.

Claims

1. A progressive cavity pump or a positive displacement motor (300) comprising:

an external member (340) comprising three or more lobes (342); and
an internal member (320) extending through the external member (340) and comprising one less lobe (322)
than the external member (340),
wherein one of the internal member (320) and the external member (340) rotates with respect to the other,
wherein a curvature of a profile of each of the internal member (320) and external member (340) is finite at all
points,
characterized in that a ratio of a lobe volume (344) of the external member (340) to a valley volume (324) of
the external member (340) enclosed between a minor external member diameter and a major external member
diameter is between 0.9 and 1.2, and
wherein a lobe height of the external member (340) is related to a ratio of its minor member diameter to one
less than the number of member lobes (342).

2. The progressive cavity pump or positive displacement motor of claim 1, wherein the lobe height of the external
member (340) is between 0.95 and 1.05 times the ratio.

3. The progressive cavity pump or positive displacement motor of claim 1, wherein a convexity of the external member
profile increases from a peak tip to an inflection point and has a finite maximum near the inflection point.

4. The progressive cavity pump or positive displacement motor of claim 1, wherein a concavity of the external member
profile increases from a valley tip to an inflection point and has a finite maximum near the inflection point.

5. The progressive cavity pump or positive displacement motor of claim 1, wherein a lobe height of the internal member
(320) is related to a ratio of its mean diameter to the number of its lobes (322).

6. The progressive cavity pump or positive displacement motor of claim 1, wherein a convexity of the internal member
profile increases from a peak tip to an inflection point and has a finite maximum near the inflection point.

7. The progressive cavity pump or positive displacement motor of claim 1, wherein a concavity of the internal member
profile increases from a valley tip to an inflection point and has a finite maximum near the inflection point.

8. The progressive cavity pump or positive displacement motor of claim 1, further comprising a sealing line (560)
between the external member (340) and the internal member (320), wherein a two-dimensional projection of the
sealing line is an ellipse, a limaçon, or a closed convex spline.

9. The progressive cavity pump or positive displacement motor of claim 8, wherein a center of the internal member
(320) is located on a major semi-axis of the ellipse.

10. A bottom hole assembly (102), comprising:

a drill bit (108) at a distal end of a drill string (106); and
the positive displacement motor of claim 1 axially above the drill bit (108).
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11. A progressive cavity pump or positive displacement motor, comprising:

an external member (340); and
an internal member (320) within the external member (340),
wherein one of the internal member (320) and the external member (340) rotates with respect to the other,
characterized in that progressive cavity pump or positive displacement motor (300) has a two-dimensional
contact line (560) that is a projection of a three-dimensional sealing line between the internal member (320)
and the external member (340), wherein the two-dimensional contact line (560) is an ellipse, a limaçon, or a
closed convex spline.

12. The progressive cavity pump or positive displacement motor of claim 11, wherein a curvature of a profile of each of
the internal member (320) and external member (340) is finite at all points.

13. The progressive cavity pump or positive displacement motor of claim 11, wherein a ratio of a lobe volume (344) of
the external member (340) to a valley volume (324) of the external member (340) enclosed between a minor external
member diameter and a major external member diameter is between 0.9 and 1.2.

14. The progressive cavity pump or positive displacement motor of claim 11, wherein a lobe height of the external
member (340) is related to a ratio of its minor diameter to one less than the number of its lobes (342).

15. The progressive cavity pump or positive displacement motor of claim 11, wherein a concavity of the internal member
profile increases from a valley tip to an inflection point and has a finite maximum near the inflection point.

16. A bottom hole assembly, comprising:

a drill bit (108) at a distal end of a drill string (106); and
the positive displacement motor of claim 11 axially above the drill bit.

Patentansprüche

1. Exzenterschneckenpumpe oder Verdrängermotor (300), umfassend:

ein Außenelement (340) umfassend drei oder mehr "Lobes" (342); und
ein sich durch das Außenelement (340) hindurch erstreckendes Innenelement (320), das einen Lobe (322)
weniger umfasst als das Außenelement (340),
wobei sich eines aus dem Innenelement (320) und dem Außenelement (340) in Bezug auf das andere dreht,
wobei die Krümmung eines jeweiligen Profils des Innenelements (320) und des Außenelements (340) an allen
Punkten endlich ist,
dadurch gekennzeichnet, dass ein Verhältnis eines Lobe-Volumens (344) des Außenelements (340) zu einem
zwischen einem Außenelement-Kerndurchmesser und einem Außenelement-Außendurchmesser eingeschlos-
senen Talvolumen (324) des Außenelements (340) zwischen 0,9 und 1,2 beträgt, und
wobei die Lobe-Höhe des Außenelements (340) in Bezug steht zu einem Verhältnis seines Element-Kerndurch-
messers zu einem weniger als der Anzahl von Element-Lobes (342).

2. Exzenterschneckenpumpe oder Verdrängermotor nach Anspruch 1, wobei die Lobe-Höhe des Außenelements
(340) zwischen dem 0,95-fachen und 1,05-fachen des Verhältnisses beträgt.

3. Exzenterschneckenpumpe oder Verdrängermotor nach Anspruch 1, wobei eine Konvexität des Außenelementprofils
von einer Scheitelspitze zu einem Wendepunkt zunimmt und nahe des Wendepunkts ein endliches Maximum auf-
weist.

4. Exzenterschneckenpumpe oder Verdrängermotor nach Anspruch 1, wobei eine Konkavität des Außenelementprofils
von einer Talspitze zu einem Wendepunkt zunimmt und nahe dem Wendepunkt ein endliches Maximum aufweist.

5. Exzenterschneckenpumpe oder Verdrängermotor nach Anspruch 1, wobei die Lobe-Höhe des Innenelements (320)
mit einem Verhältnis seines mittleren Durchmessers zur Anzahl seiner Lobes (322) in Beziehung steht.
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6. Exzenterschneckenpumpe oder Verdrängermotor nach Anspruch 1, wobei eine Konvexität des Innenelement-Profils
von einer Scheitelspitze zu einem Wendepunkt zunimmt und nahe des Wendepunkts ein endliches Maximum auf-
weist.

7. Exzenterschneckenpumpe oder Verdrängermotor nach Anspruch 1, wobei eine Konkavität des Innenelementprofils
von einer Talspitze zu einem Wendepunkt zunimmt und nahe dem Wendepunkt ein endliches Maximum aufweist.

8. Exzenterschneckenpumpe oder Verdrängermotor nach Anspruch 1, ferner umfassend eine Dichtlinie (560) zwischen
dem Außenelement (340) und dem Innenelement (320), wobei eine zweidimensionale Projektion der Dichtlinie eine
Ellipse, ein Limaçon oder ein geschlossenes konvexes Spline ist.

9. Exzenterschneckenpumpe oder Verdrängermotor nach Anspruch 8, wobei sich eine Mitte des Innenelements (320)
auf einer Haupthalbachse der Ellipse befindet.

10. Bohrgarnitur (102) umfassend:

einen Bohrmeißel (108) an einem entfernt gelegenen Ende eines Bohrstrangs (106); und
den Verdrängermotor nach Anspruch 1 axial über dem Bohrmeißel (108).

11. Exzenterschneckenpumpe oder Verdrängermotor, umfassend:

ein Außenelement (340); und
ein Innenelement (320) innerhalb des Außenelements (340),
wobei sich eines aus dem Innenelement (320) und dem Außenelement (340) in Bezug auf das andere dreht,
dadurch gekennzeichnet, dass die Exzenterschneckenpumpe oder der Verdrängermotor (300) eine zweidi-
mensionale Berührungslinie (560) aufweist, die eine Projektion einer dreidimensionalen Dichtlinie zwischen
dem Innenelement (320) und dem Außenelement (340) ist, wobei die zweidimensionale Berührungslinie (560)
eine Ellipse, ein Limaçon oder ein geschlossenes konvexes Spline ist.

12. Exzenterschneckenpumpe oder Verdrängermotor nach Anspruch 11, wobei die Krümmung eines jeweiligen Profils
des Innenelements (320) und des Außenelements (340) an allen Punkten endlich ist.

13. Exzenterschneckenpumpe oder Verdrängermotor nach Anspruch 11, wobei ein Verhältnis eines Lobe-Volumens
(344) des Außenelements (340) zu einem zwischen einem Außenelement-Kerndurchmesser und einem Außene-
lement-Außendurchmesser eingeschlossenen Talvolumen (324) des Außenelements (340) zwischen 0,9 und 1,2
beträgt.

14. Exzenterschneckenpumpe oder Verdrängermotor nach Anspruch 11, wobei die Lobe-Höhe des Außenelements
(340) in Bezug steht zu einem Verhältnis seines Kerndurchmessers zu einer weniger als der Anzahl seiner Lobes
(342).

15. Exzenterschneckenpumpe oder Verdrängermotor nach Anspruch 11, wobei eine Konkavität des Innenteilprofils von
einer Talspitze zu einem Wendepunkt zunimmt und nahe dem Wendepunkt ein finites Maximum aufweist.

16. Bohrgarnitur, umfassend:

einen Bohrmeißel (108) an einem entfernt gelegenen Ende eines Bohrstrangs (106); und
den Verdrängermotor nach Anspruch 11 axial über dem Bohrmeißel.

Revendications

1. Pompe à cavité progressive ou moteur à déplacement positif (300) comprenant :

un élément externe (340) comprenant trois lobes ou plus (342) ; et
un élément interne (320) s’étendant à travers l’élément externe (340) et comprenant un lobe de moins (322)
que l’élément externe (340),
dans lesquels un parmi l’élément interne (320) et l’élément externe (340) tourne par rapport à l’autre,
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dans lesquels une courbure d’un profil de chacun de l’élément interne (320) et de l’élément externe (340) est
finie en tous points, caractérisés en ce qu’un rapport d’un volume de lobe (344) de l’élément externe (340)
d’un volume de vallée (324) de l’élément externe (340) enfermé entre un diamètre de l’élément externe mineur
et un diamètre de l’élément externe majeur est compris entre 0,9 et 1,2 et
dans lesquels une hauteur de lobe de l’élément externe (340) est associée à un rapport de son diamètre de
l’élément mineur à un de moins que le nombre de lobes de l’élément (342).

2. Pompe à cavité progressive ou moteur à déplacement positif selon la revendication 1, dans lesquels la hauteur de
lobe de l’élément externe (340) est comprise entre 0,95 et 1,05 fois le rapport.

3. Pompe à cavité progressive ou moteur à déplacement positif selon la revendication 1, dans lesquels une convexité
du profil de l’élément externe augmente depuis une pointe de sommet vers un point d’inflexion et présente un
maximum fini près du point d’inflexion.

4. Pompe à cavité progressive ou moteur à déplacement positif selon la revendication 1, dans lesquels une concavité
du profil de l’élément externe augmente depuis une pointe de vallée vers un point d’inflexion et présente un maximum
fini près du point d’inflexion.

5. Pompe à cavité progressive ou moteur à déplacement positif selon la revendication 1, dans lesquels une hauteur
de lobe de l’élément interne (320) est associée à un rapport de son diamètre moyen au nombre de ses lobes (322).

6. Pompe à cavité progressive ou moteur à déplacement positif selon la revendication 1, dans lesquels une convexité
du profil d’un élément interne augmente depuis une pointe de sommet vers un point d’inflexion et présente un
maximum fini près du point d’inflexion.

7. Pompe à cavité progressive ou moteur à déplacement positif selon la revendication 1, dans lesquels une concavité
du profil d’un élément interne augmente depuis une pointe de vallée vers un point d’inflexion et présente un maximum
fini près du point d’inflexion.

8. Pompe à cavité progressive ou moteur à déplacement positif selon la revendication 1, comprenant en outre une
ligne d’étanchéité (560) entre l’élément externe (340) et l’élément interne (320), dans lesquels une projection bidi-
mensionnelle de la ligne d’étanchéité est une ellipse, un limaçon, ou une cannelure convexe fermée.

9. Pompe à cavité progressive ou moteur à déplacement positif selon la revendication 8, dans lesquels un centre de
l’élément interne (320) se trouve sur un demi-axe majeur de l’ellipse.

10. Ensemble trou inférieur (102) comprenant :
un trépan (108) à une extrémité distale d’un train de forage (106) ; et le moteur à déplacement positif selon la
revendication 1 axialement au-dessus du trépan (108).

11. Pompe à cavité progressive ou moteur à déplacement positif,
comprenant :

un élément externe (340) ; et
un élément interne (320) à l’intérieur de l’élément externe (340),
dans lesquels un parmi l’élément interne (320) et l’élément externe (340) tourne par rapport à l’autre,
caractérisés en ce que la pompe à cavité progressive ou le moteur à déplacement positif (300) présente une
ligne de contact bidimensionnelle (560) qui est une projection d’une ligne d’étanchéité tridimensionnelle entre
l’élément interne (320) et l’élément externe (340), dans lesquels la ligne de contact bidimensionnelle (560) est
une ellipse, un limaçon, ou une cannelure convexe fermée.

12. Pompe à cavité progressive ou moteur à déplacement positif selon la revendication 11, dans lesquels une courbure
d’un profil de chacun de l’élément interne (320) et de l’élément externe (340) est finie en tous points.

13. Pompe à cavité progressive ou moteur à déplacement positif selon la revendication 11, dans lesquels un rapport
d’un volume de lobe (344) de l’élément externe (340) à un volume de vallée (324) de l’élément externe (340) enfermé
entre un diamètre de l’élément externe mineur et un diamètre de l’élément externe majeur est compris entre 0,9 et
1,2 et
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14. Pompe à cavité progressive ou moteur à déplacement positif selon la revendication 11, dans lesquels une hauteur
de lobe de l’élément externe (340) est associée à un rapport de son diamètre mineur à un de moins que le nombre
de ses lobes (342).

15. Pompe à cavité progressive ou moteur à déplacement positif selon la revendication 11, dans lesquels une concavité
du profil d’un élément interne augmente depuis une pointe de vallée vers un point d’inflexion et présente un maximum
fini près du point d’inflexion.

16. Ensemble trou inférieur comprenant :

un trépan (108) à une extrémité distale d’un train de forage (106) ; et
le moteur à déplacement positif selon la revendication 11 axialement au-dessus du trépan.
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